The effect of a 20-kDa protein on cell viability and CytA crystal production in its natural host, Bacils thuringiensis, was studied by expressing the cyt4 gene in the absence or presence of this protein. In the absence of the 20-kDa protein, B. thuringiensis cells either were killed during sporulation (strain cryB) or produced very small CytA crystals (strain 4Q7). Expression of cyt4 in the presence of the 20-kDa protein, however, preserved cell viability, especially in strain cryB, and in both strains yielded bipyramidal crystals of the CytA protein that were larger than those of wild-type B. thuringiensis. These results suggest that the 20-kDa protein promotes crystal formation, perhaps by chaperoning CytA molecules during synthesis and crystallization,
concomitantly preventing the CytA protein from interacting lethally with the bacterial host cell.
The CytA protein of Bacillus thuringiensis is a hydrophobic, cytolytic 27.3-kDa protein toxic for certain dipterous insects in vivo and for many vertebrate and invertebrate cells in vitro (10, 18, 19, 22) . The cytolytic properties of this protein are attributed to its affinity for unsaturated fatty acids in cell membranes, in which it apparently aggregates, leading to the formation of pores that cause cell lysis (19) . CytA was first identified in the mosquitocidal subspecies B. thuringiensis subsp. israelensis (20) but also occurs in the PG-14 isolate of B. thuringiensis subsp. morrisoni (11) . In both, CytA occurs along with at least three other mosquitocidal proteins, CryIVA (128 kDa), CryIVB (134 kDa), and CryIVD (72 kDa). The genes that code for these proteins are on the same plasmid, and all are highly expressed during sporulation, resulting in the formation of distinct paracrystalline inclusions that are assembled into a large spherical parasporal body about 1 pm in diameter (12) . The toxicity of each of these proteins is from 10-to 100-fold less than that of the parasporal body, and to explain this it has been proposed that the proteins potentiate each other, with the CytA protein playing a particularly important role in this potentiation owing to its hydrophobic properties and because it is the dominant protein in the parasporal body (27) . The specific role that the CytA protein plays in toxicity remains controversial, however, because deletion of this protein from the parasporal body results in little change in its toxicity (5) .
One way to test the role of (ytA in toxicity would be to overexpress this protein and then determine its toxicity alone and in various combinations with CryIV proteins. However, several recent studies have shown that efficient production of CytA in Escherichia coli requires the presence of a 20-kDa protein that is coded for by a gene located immediately downstream from the cryIVD gene (1, 7, 15, 21) . Expression of this gene during sporulation is apparently driven by the cryIVD promoter, with both cryIVD and the 20-kDa gene being expressed as a single transcriptional unit (1) . In fact, expression of the cytA gene in E. coli in the Enhancement of CytA production by the 20-kDa protein in E. coil (1, 15, 21) suggested that this protein functions similarly in the subspecies of B. thuringiensis in which it occurs naturally and that this could be tested by placing the 20-kDa protein gene under the control of a strong promoter. Our objective was to manipulate the expression of the 20-kDa protein and thereby contribute to our knowledge of this protein's function and its effect on CytA crystal formation. Thus, in the present study, we expressed the cytA gene with and without the 20-kDa protein gene in the constructs and to test its effect on cell viability and crystal production, ensured expression of this gene by placing it under control of the cryL4(c) promoters.
Plasmid construction and transformation of B. thuringiensis. To ensure that the 20-kDa protein gene was expressed and to determine the effect of the 20-kDa protein on production of the CytA protein in B. thuingiensis, the following plasmids were constructed: pWF27, containing the cytA gene alone; pWF38, containing the cytA gene and most of the cryIVD gene; pWF32, containing the cytA gene and the 20-kDa protein gene along with the region upstream, up to and including the 350 codons that code for the C terminus of CryIVD (Fig. 1A) . In addition, because the 20-kDa protein gene in WF32 would lack its putative promoter because of the deletion of the cryIVD promoter, we constructed WF45, (9) . (B) Fi construct made by placing the 20-kDa cry4(c) promoters, which was used promoter region of the cryL(c) gene c promoters (24) .
in which the cryA(c) promoters (e used to drive the expression of tl ensuring synthesis of the 20-kDa pr in B. thuringiensis (Fig. 1B) .
To construct WF27 and WF38, ti fragment (containing the cytA gene fragment (containing the cytA gene gene) were isolated from a 9.4-kb I of plasmid pMl (9) (Fig. 1) (Fig. 2 and 3) .
Effect of 20- (Fig. 2) . Inclusions were apparent by 36 h when the cells were grown at 30'C. Initially the inclusions were amorphous in shape, but as they increased in size they became ovoid (Fig. 2a) . The mature inclusions released upon cell lysis were typically polyhedral and usually had a bipyramidal shape (Fig. 2b) (11, 12) . To demonstrate that these inclusions were composed of CytA protein, the inclusions were purified on sodium bromide gradients and analyzed by SDS-PAGE and Western blotting (immunoblotting) (2, 13) . These experiments showed that the inclusions consisted of a single protein which migrated slightly faster than the CytA protoxin from the inclusions of wild-type B. thuringiensis subsp. israelensis (Fig. 3) . When digested with trypsin, the CytA protein yielded a protein of 25 kDa, the same size as the trypsin-cleaved protein produced by the wild-type cells (Fig. 3) .
When (Fig. 4) . Similar (8) . Thus, our results and those of Visick and Whiteley (21) suggest that the 20-kDa protein acts as a chaperone protein.
A precedent exists for this in B. thuringiensis in that Crickmore and Ellar (4) have suggested that ORF2 in the CryIIA operon might be a chaperonin.
The diminished crystal production and poor survival of E. coli (7) 
